MICROCOPY  RESOLUTION  TEST  CHART 
NATIONAL  BUREAU  OF  STANDARDS- 1963-A 


AD-A141  418 


WALL  EFFECTS  ON  COMBUSTION  IN  AN  ENGINE 
FINAL  REPORT 

15  March  1983  -  14  May  1984 


to 

U.S.  Army  Research  Office 
Research  Triangle  Park,  NC  27709 

on 

Contract  DAAG29-83-C-0010 


by 

Engineering  Sciences  Laboratory 
TRW  Space  and  Technology  Group 
Redondo  Beach,  CA  90278 


DT1C 

electe 

MAY  2  3 1984 


CfcELE 

MAYS 


J 


Approved  for  Public  Release; 
Distribution  Unlimited 


64  05  21  200 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


REPORT  DOCUMENTATION  PAGE 

1*  REPORT  SECURITY  CLASSIFICATION 

Unclassified 

1b.  RESTRICTIVE  MARKINGS 

2*  SECURITY  CLASSIFICATION  AUTHORITY 

3.  distribution/availability  of  report 

Approved  for  Public  Release: 

2b.  OECLASSIFICATION/OOWNGRAOING  SCHEDULE 

r  r  —  1  w  ^  v  ’  1  VS  M  9  i  v  iiw  i  vv  vv  ) 

Distribution  unlimited 

4  PERFORMING  ORGANIZATION  REPORT  NUMBERISI 

s.  monitoring  organization  report  NUMBERISI 

6*  NAME  OF  PERFORMING  ORGANIZATION 

TRW  Space  &  Technology  Group 

5b.  OFFICE  SYMBOL 
(If  applicable) 

7*  NAME  OF  MONITORING  ORGANIZATION 

U.  S.  Army  Research  Office 

6c.  AOORESS  (City.  State  and  ZIP  Code) 

Redondo  Beach,  CA  90278 

7b.  ADDRESS  (City.  State  and  ZIP  Codt) 

Research  Triangle  Park,  NC  27709 

•a.  NAME  Of  FUNOING/3PONSORING 
ORGANIZATION 

8b.  OFFICE  SYMBOL 
(It  applicable) 

9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

DAAG29-83-C-0010 

lie  AOORESS  iCify.  State  and  ZIP  Code )  | 

10.  SOURCE  OF  FUNDING  NOS 

PROGRAM 

PROJECT 

TASK 

WORK  UNIT 

ELEMENT  NO. 

NO. 

NO.  i 

NO 

11  TITLE  (Include  Security  Classification > 

Wall  Effects  on  Combustion  in  an  Engine  (U) 

12.  PERSONAL  AUTHORIS) 

Fendell,  Francis  Edward 


13*  TYPE  OF  REPORT 

Final  Report 

'is.  supplementary  notation 


1  13b.  TIME  COVERED 

1 

14.  OATE  OF  REPORT  <Yr.  Mo..  Day) 

II  fill 

5/14/84 

15.  PAGE  COUNT 


COSAT  I  COOES 


18-  SUBJECT  TERMS  f Continue  on  reverae  if  ntct—ary  and  identify  by  block  number) 

Automotive  combustion  Raman  spectroscopy 

Crevice  quench  Rapid-compression  machine 


liiuair.k'Wiilira 


iiKiiiiiimutBfriiiKiir.iaimik'i 


IS.  ASST R ACT  tCon tiny*  on  reverte  if  neceteary  and  identify  by  block  number ) 

— ^  This  project  utilized  theoretical  modeling  and  laboratory  experiment  to  elucidate  the 
role  of  chamber  shaping  on  the  combustion  event  in  a  four-stroke-cycle,  reciprocating- 
piston-type  internal -combustion-engine  cylinder. ^  Two  specific  topics  were  examined. 

^->First,  theoretical  modeling  was  carried  out  to  evaluate  heat  transfer  as  a  determent 
of  end-gas  knock  during  nonisobaric  flame  propagation  across  a  homogeneous  charge  in  a 
variable-volume  enclosure.  Via  a  semi-empirical  model,  turbulent  combustion  in  an  auto¬ 
motive  cylinder  was  considered;  a  three-zone  generalization  (to  encompass  end  gas,  unburned 
bulk  gas,  and  burned  gas)  of  the  standard  two-zone  Otto-cycle-combustion  model  was  devel¬ 
oped.  Via  a  selfcontaired  model,  laminar  combustion  in  a  specially  designed  rapid- 
compression  machine  was  considered;  an  asymptotic  analysis  valid  in  the  limit  of  large 
Arrhenius  activation  temperature  was  developed.  For  given  operating  conditions,  the  frac¬ 
tion  of  the  charge  (if  any)  that  undergoes  autoconversion  to  product  prior  to  flame  arri¬ 
val  can  be  ascertained,  along  with  the  heat  transfer  sufficient  to  preclude  such  x  (over) 


2a  0)8TRI8UTION/AVAILABILITY  of  abstract 


UNCLABBIPIEO/UNLIMITED  □  SAME  AS  APT  O  OTIC  USERS  □ 


22*  NAMf  OF  RESPONSIBLE  INDIVIDUAL 

David  Mann 


21.  ABSTRACT  SECURITY  CLASSIFICATION 

Unclassified 


22b  TELEPHONE  NUMBER  I22e  OFFICE  SYMBOL 


22b.  TELEPHONE  NUMBER 
(Include  Area  Code) 

(919)  549-0641 


00  FORM  1473. 83  APR 


EDITION  OP  1  JAN  73  IS  OBSOLETE. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


SCCUniTV  CLASSIFICATION  OF  THIS  FAQE 


19.  ABSTRACT  (Continued) 


^homogeneous  explosion.-^  Because  of  uncertainties  in  modeling  of  heat  transfer,  the  pro¬ 
cedures  seem  of  more  value  in  comparing  propensity  to  knock  for  different  operating  con¬ 
ditions,  and  in  comparing  heat-transfer  requirements  for  alleviation,  than  in  establish¬ 
ing  absolute^ values^ 

Second,  two-wall,  or  crevice-type,  quenching  of  flame  propagation  through  a  stoichio¬ 
metric  or  fuel-lean  hydrocarbon-air- type  premixture  is  examined  because  this  phenomenon  is 
now  believed  to  be  the  major  source  of  unburned-hydrocarbon  emissions  from  homogeneous- 
charge  engines^.  Both  quasil inearization/ADI  numerical  integration  of  a  two-dimensional 
elliptical  formulation  of  the  eigenvalue  problem  for  flame  speed,  and  also  laser-Raman- 
spectroscopy  probjng  of  a  flame  which  is  stabilized  on  a  heat-sink-type  burner  and  which 
lies  between  parallel  impervious  noncatalytic  sidewalls,  are  used  to  characterize  how  the 
critical  (quench)  separation  decreases  as  duct-wall  temperature  increases. 


^Accession  For 

NTIS  GRA4I 
OTIC  TAB 

Unannounced 

Justification.. 


By — — ... _ _ 

Distribution/ 
Availability  Codes 
|Availand/or 
)lst  j  Special 


LW  V 


UNCLASSIFIED 


MCURlTV  CLASSIFICATION  OF  THIS  FAOI 


FOREWORD 

The  participants  are  grateful  to  the  technical  monitor  of  this  project, 
David  Mann,  for  encouragement,  insight  into  Army  technical  requirements  in 
automotive  engines,  and  information  concerning  related  Army- sponsored 
research. 

The  participants  are  also  grateful  to  Ann  McCollum  for  the  preparation 
of  the  technical  manuscripts  prepared  during  this  contract,  and  to  Asenatha 
McCauley  for  preparation  of  the  technical  drawings. 


SUMMARY 


This  project  was  concerned  with  theoretical  modeling  and  laboratory  experi¬ 
ment  to  elucidate  the  role  of  chamber  shaping  on  the  combustion  event  in  a  four- 
stroke-cycle,  reciprocating-piston-type  internal-combustion  engine. 

First,  modeling  of  heat  transfer  as  a  determent  of  end-gas  knock  in  a  homo¬ 
geneous-charge  engine  was  undertaken  (Carrier,  Fendell,  Fink,  and  Feldman  1984). 
The  last  portion  of  the  charge  to  be  burned  is  subject  to  the  greatest  compres- 
sional  heating  owing  to  the  expansion  of  the  hot,  already  burned  gas.  This 
portion  of  the  charge  may  undergo  autoconversion  to  product  prior  to  arrival  of 
the  propagating  flame.  The  consequence  of  the  very  rapid,  constant- volume, 
spatially  homogeneous  autoconversion  is  engendering  a  nonlinear  pressure  wave, 
whose  interaction  with  cylinder  component  results  in  audible  knock.  The  auto¬ 
conversion  is  particularly  likely  in  high-compression-ratio  engines  of  large 
bore  under  sudden  acceleration.  Under  such  operation,  the  combination  of  large 
spark  advance,  low  engine  speed,  and  large  cylinder  mass  results  in  long  flame 
transit  time  and  increased  opportunity  for  explosion  in  the  highly  preheated 
end  gas.  Analysis  to  indicate  what  fraction  (if  any)  of  the  charge  might  under¬ 
go  autoconversion,  and  what  heat  transfer  from  the  end  gas  would  preclude  this 
autoconversion,  has  been  carried  out  by  generalization  of  the  well-known  two- 
zone  approach  to  combustion-event  modeling  in  a  homogeneous-charge  engine.  The 
work  corroborates  that  increased  surface- to- volume  ratio  along  the  flame  path 
can  inhibit  knock  without  incurring  unacceptably  thick  quench  layers.  (The 
alternative  approach  is  identification  of  an  economically  and  environmental ly 
acceptable  replacement  for  tetraethyl  lead  as  a  knock-inhibiting  fuel  additive; 
chemical-kinetic  investigations  have  yet  to  identify  such  an  additive.) 

The  above-described  engine-cylinder  work  does  require  as  empirical  input 
the  turbulent  flame  speed.  A  selfcontained  analysis  pertinent  to  the  well-known 
laboratory  simulation  device  known  as  a  rapid-compression  machine  also  has  been 
carried  out  (Bush,  Fendell,  and  Fink  1984).  For  the  laminar-like  conditions  of 
some  rapid-compression  machines,  e.g.,  the  so-called  CE-1  device  in  the  Mechani¬ 
cal  Engineering  Department  of  the  University  of  California,  Berkeley,  the  flame 
propagation  rate  may  be  deduced  from  a  chemical-kinetic  model.  The  main  chal¬ 
lenge  is  that  the  relatively  thin  flame  front,  separating  polytropical ly  com¬ 
pressed  burned  and  unbumed  portions  of  the  charge,  necessitates  introduction  of 


multiscaling  techniques.  However,  the  device  offers  a  far  more  accessible  quan¬ 
titative  description  of  how  parametric  changes  alter  knock  propensity  during 
nonisobaric  combustion  in  a  variable- volume  enclosure.  While  the  analysis  is 
based  upon  a  spatially  homogeneous,  though  temporally  varying,  pressure--so  that 
the  model  is  inappropriate  beyond  the  onset  of  knock--still,  if  knock  intensity 
can  be  related  to  mass  of  charge  that  undergoes  autoconversion,  then  the  analy¬ 
sis  gives  insight  on  knock  intensity  as  well. 

Another  line  of  activity  concerned  experimental  (Fairchild  1984)  and  theo¬ 
retical  (Carrier,  Fendell,  and  Feldman  1984)  investigation  of  two-cell,  or 
crevice-type,  quenching  of  flame  propagation.  This  type  of  quench  (as  opposed 
to  one-wall  quenching)  now  is  widely  accepted  to  be  the  major  source  of  unburned 
hydrocarbon  emissions  from  homogeneous -charge  engine  cylinders.  If  heat  loss 
from  hot  product  gas  to  close-by,  relatively  cold  walls  precludes  preheating  of 
fresh  charge  to  its  ignition  condition,  then  flame  propagation  is  precluded.  A 
counterstrategy  is  to  reduce  heat  transfer  to  the  walls  by  allowing  the  tempera¬ 
ture  of  the  walls  to  rise,  so  that  flame  propagation  can  persist  into  a  smaller 
crevice.  This  concept  can  be  investigated  in  the  laboratory  by  use  of  nonintru- 
sive  laser-powered  optical  diagnostic  techniques  (especially  laser  Raman  spec¬ 
troscopy).  In  particular,  a  planar  fuel-lean  premixed  flame  of  simple  hydrocar¬ 
bon  and  air  is  stabilized  on  a  heat-sink-type,  porous-sintered-bronze  flame- 
holder.  Two  parallel  planar  water-cooled  walls  are  sited  flush  against,  and 
perpendicular  to,  the  exit  face  of  the  flameholder  (Botha-Spalding  burner).  As 
the  two  walls  are  brought  into  closer  proximity,  the  quenching  distance  is  iden¬ 
tified  (as  a  function  of  wall  temperature--and  many  other  parameters).  The 
problem  of  optical  access  is  resolved  by  careful  geometric  design.  The  theore¬ 
tical  counterpart  involves  using  quasilinearization/ADI  numerical  integration 
of  a  two-dimensional  elliptical  formulation  of  the  eigenvalue  problem  for  flame 
speed.  Again,  the  objective  is  to  identify  how  the  flame  speed  (the  eigenvalue) 
decreases  (and,  at  some  finite  separation,  abruptly  vanishes)  as  a  function  of 
wall  temperature.  A  particular  difficulty  is  how  to  introduce  (in  a  multidimen¬ 
sional  flow)  an  ignition  temperature  in  a  physically  meaningful  way,  in  order  to 
handle  the  so-called  cold-boundary  difficulty,  whereby  a  premixture  at  any 
finite  temperature  undergoes  reaction  prior  to  flame  propagation.  A  significant 


reduction  in  quench  distance  seems  achievable  if  the  wall  temperature  is  increased 
from  ambient  by  (say)  twenty  percent  of  the  increment  of  adiabatic  flame  tempera¬ 
ture  over  cold  premixture  temperature. 
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